Prior to 1873, although the spectra of the limb and the center of the sun were compared by several observers, no differences in the relative intensities of the Fraunhofer lines were detected. In that year Hastings 2 noticed that some of the lines changed their appearance at the limb. In 1879 and 1880 he continued the investigation with improved apparatus. The results of the later observations, which were made visually with a Rutherfurd grating spectroscope, are given by Hastings as follows :
I. The most important fact of all is that the differences in the two spectra of center and limb are extremely minute, escaping all but the most perfect instruments, and all methods which do not place them in close juxtaposition.
II. Certain lines, the thickest and darkest in the spectrum, notably those of hydrogen, magnesium, and sodium, which appear with haze on either side, in the spectrum of the center of the solar disk, are deprived of this accompaniment in that of the limb.
III. Certain very fine lines (four observed) are stronger at limb. IV. Other very fine lines (two or three observed) are stronger at center. 3 Hastings, referring to the spectrum of sun-spots, remarks:
As is well known, such a spectrum exhibits a very strong general absorption, with a very slightly modified selective absorption. A few faint lines appear in the spot spectrum which are not otherwise seen; and a few faint lines of the ordinary spectrum are strengthened. A careful examination has persuaded me that the spectrum of a spot differs from that of the unbroken photosphere, just as the spectrum of the limb differs from that of the center of the disk, save that the variations are more pronounced.
In spite of the great interest and importance of these observations, they do not appear to have been repeated in the long interval which has elapsed since Hastings made them. A photograph by Jewell the plates showed slight changes of relative intensity, which promised to be of interest in connection with our sun-spot investigations.
As the discussion in our last paper 2 indicates, we have been occupied with the problem of distinguishing between the changes in the appearance of fines produced by differences in temperature and by differences in the density of the vapors. In this connection, we had long since ] planned to take up an investigation of the spectrum of the limb as ^ compared with the center of the sun. It was supposed, however, that the differences would be so slight that they could be detected only with difficulty, and a special means of testing suspected cases, by a photometric study of spectrohefiograph plates made for this particular purpose, was devised. It will be seen from the results contained in the present paper that the differences, particularly in the more refrangible part of the spectrum, are so striking that no such device is required.
The photographs hitherto taken cover almost the entire length of the spectrum from X 3600 to X 7000.
They were made with the Snow telescope and the Littrow spectrograph described in our previous papers on sun-spot spectra. The image of the sun on the slit has a diameter of about 6.7 inches (17.02 cm). The spectrograph is of 18 feet focal length and contains a 4-inch Rowland grating, having 14,438 fines to the inch (5700 fines to the cm). Most of the spectra were photographed in the third order, but some were taken in the second, and a few in the fourth, the last for the study of hne displacements. In making the exposures the image of the sun was adjusted so that the slit was parallel to a tangent at the limb, and usually about one millimeter within it. Precautions were always taken to prevent any light from the chromosphere from entering the slit. Hence, in all cases, the photographs of the spectrum of the limb represent the sun's disk, and not the region lying outside of it. After the exposure for the limb had been completed, a small sliding bar was moved over the slit, so as to cover the portion previously exposed, and light from the center of the sun was admitted on each side of the bar. Thus each photograph of the spectrum of the limb lies between two strips of spectrum representing the center of the sun. In the violet it is necessary to give from eight to ten times as much exposure at the limb as at the center. This ratio is reduced to four or five at the red end of the spectrum.
As an examination of Plates XVIII, XIX, and XX will indicate the differences in the relative intensities of the fines are not very marked in the less refrangible region, except in the case of such winged fines as D! and D 2 , b T , b 2 , and b 4 . In these cases the wings are greatly reduced in intensity, and the central portions of the fines are strengthened in the spectrum of the limb-a result which is in complete agreement with the observations of Hastings. There are some very distinct differences of fine intensity to be noticed in this region, but such effects become far more marked in the blue and violet, and very conspicuous in the ultra-violet. In the region X 3815-X 3840 the appearance of the spectrum is greatly changed, through the almost complete disappearance of the wings which characterize the stronger fines corresponding to the center of the disk. So far as we have yet observed, in our preliminary examination of the plates, this practical elimination'of the wings applies to all fines of this character. It is therefore to be regarded as the most striking feature of the spectrum of the sun's disk near the limb. In spots, on the other hand, a marked strengthening of the wings is a well-known characteristic in the less refrangible region of the spectrum. If this applies in the same degree to the much more closely crowded fines of the ultra-violet, it may be one of the causes contributing to the extreme weakness of the spot spectrum in this region. In other words, lines that are strengthened in sun-spots are usually strengthened, in much smaller degree, near the sun's limb. Furthermore, lines which are weakened in sun-spots are usually weakened at the limb. Indeed, this latter effect seems to be relatively more marked than the effect of strengthening throughout the whole range of the spectrum. Some important exceptions have been noted, and others will no doubt appear in a more complete examination of the photographs. Nevertheless, the resemblance in this particular of the spectrum of the limb to that of sun-spots is very marked, especially in the less refrangible region. In the violet and ultra-violet the resemblance is partially concealed by the presence, in the case of spots, of an overlying solar spectrum. It is, however, clearly indicated. In our last paper we discussed the two principal sources to which this solar spectrum could be ascribed, namely, photospheric light and general sky illumination. Our present results on the spectrum of the center and the limb indicate that the photospheric light must probably be much the more important-a conclusion which agrees with that of Newall.
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In the tables which follow we give the results of our comparison of the spectrum of the center with that of the limb for three regions in different parts of the spectrum. The first of these includes a part of the G group and Hy; the second, the b lines and ^ portion of the green; and the third, a region in the yellow which is of considerable interest in sun-spot spectra. These results are merely preliminary and are given mainly to indicate the character of thç evidence connecting changes in fine intensities at the limb with those in spot spectra. In the abbreviations "Str." indicates that the fine is strengthened, and "Str. + " that the effect is marked. Similarly ";Wk." indicates that the line is weakened, and " Wk. 4-" that the amount of weakening is considerable. Lines in which the wings are reduced are indicated by "Sharp.," an abbreviation for sharpened. In considering the behavior of the lines of different elements, / we encounter at once an interesting peculiarity, which may prove significant. In the spot spectrum the lines of titanium and vanadium are well known to be very conspicuous, because, in most cases, they are strengthened.more than the fines of other substances. In the spectrum of the limb, however, while these fines seem to be affected in the same direction as in spots, the magnitude of the effect is decidedly less than in the case of manganese, iron, calcium, and other substances, which appear to behave more nearly as they do in spots. Hydrogen offers another case of great interest, with one apparent anomaly. Hß is not satisfactorily shown on the photographs at present available, and may for the present be left out of consideration. ÍZ7 and Hh are much sharper and narrower at the limb than at the center of the sun, largely through the weakening of the wings which accompany these fines. The central part of the fines also appears to be slightly weakened at the limb. In spots they act in the same way, but the effect is more marked. Ha is certainly widened at the 1
